Abstract: Aluminium phosphide (AlP) is a toxic agent associated with a high mortality rate following acute exposure from various routes. The aim of this study was to determine the clinical and laboratory findings useful for predicting the medical outcome of AlP-poisoned patients using established scoring systems. This is a prospective study of AlP-poisoned patients from 2010 to 2015 in Ardabil, Iran. All patients that presented with a confirmed diagnosis of acute AlP poisoning in the study interval were included in the study. Clinical and laboratory data, using Acute Physiology and Chronic Health Evaluation II (APACHE II), Sequential Organ Failure Assessment (SOFA) and Simplified Acute Physiology Score II (SAPS II) scoring systems, were compared for their predictive value in determining differences between survived and non-survived patients. Univariate analysis (Mann-Whitney or ttest), multiple logistic regression analysis, receiver operating characteristic (ROC) curve analysis and the Pearson correlation test were performed using STATA/SE 13.0 and the Nomolog Software. A total of 68 AlP-poisoned patients with confirmed acute AlP poisoning were included for evaluation. Of these, 36 were non-survived. Multiple logistic regression analysis was performed using parameters and values derived from patient clinical and laboratory data, and revealed that four factors were significant for predicting mortality: Glasgow coma score (GCS); systolic blood pressure (SBP); urinary output (UOP); and serum HCO 3 . A four-variable, risk-prediction nomogram was developed for identifying high-risk patients and predicting the risk of mortality. Study results showed that SBP of <92.5 mmHg (p = 0.006); HCO 3 -< 12.9 mEq/L (p = 0.01), UOP < 1725 mL/day (p = 0.04); and GCS < 14.5 (p = 0.003) were significant predictors of AlP mortality. Scoring systems analysis showed SAPS II score >24.5, APACHE II score >8.5 and SOFA score >7.5 were predictive of non-survival patients. The results of our study showed that SBP, GCS, UOP and serum HCO 3 levels are the best prognostic factors for predicting mortality in AlP-poisoned patients. According to the area under the ROC curve of the APACHE II score, when compared with SOFA and SAPS II scores, the APACHE II score can more effectively discriminate between non-survivors and survived patients.
Aluminium phosphide (AlP) is a type of fumigant that is applied to protect stored grains [1] . AlP is available in 3-g tablets, each tablet containing 56% (total 1680 mg) aluminium phosphide and 44% ammonium carbonate [2, 3] . When AlP is exposed to moisture and an acid environment, a highly toxic phosphine gas is generated [4] . It is an important cause of suicidal poisoning, resulting in a high mortality rate in Asian countries such as Iran and India [2, 3] . AlP is highly toxic, cheap and easily accessible, which is the reason for its being one of the leading factors for severe poisoning in developing countries. Ready accessibility to this fumigant insecticide and its consequent use as a suicidal agent in Asian countries has led to it being considered a major public health issue, particularly because no definitive treatment or antidote is available for treating acutely poisoned patients [3, 5] . Current medical management is to provide supportive care for almost all cases, until the toxicant has been cleared through the lungs and kidney [6] . There is an extremely high ratio of death in AlP poisoning, even when patients are in the intensive care unit. This ratio may equal 30 to 100% and potentially amount to more than 60%, even in high-level specialized hospitals with advanced life-support equipment [3] . Many ALP-poisoned patients deteriorate despite proper supportive treatment, and a known antidote does not exist. In fact, it is one of the most significant causes of fatal poisoning worldwide [3, 7] .
Simplified Acute Physiology Score II (SAPS II), Acute Physiology and Chronic Health Evaluation II (APACHE II) and Sequential Organ Failure Assessment (SOFA) scoring systems are widely used in intensive care units (ICUs) to predict patient survival outcome. In the speciality of medical toxicology [8] [9] [10] , the performance of these systems in the prediction of AlP-poisoned patient outcome has been evaluated in only a few published studies [11] [12] [13] [14] .
Interestingly, the possibility of using these scores in comparing AlP-poisoned patients with general ICU patients, exhibiting symptoms with a similarly significant level of severity, has not been explored. Very little research has been conducted that investigated the power of these scoring systems in predicting the development of severe symptoms and mortality in association with the complications observed in AlP intoxications. Considering the fact that the incidence of acute AlP poisoning, as well as its rate of death, is so high, physicians must be meticulous in determining better prognostic scores in such patients.
In this study, we tried to create a more simplified and functional prognostic tool by making use of such systems of scoring, in order to propose a primary estimation of the mortality risk in the intensive care unit through the objective data from a sample of participating patients with acute AlP poisoning. Additionally, we also wanted to determine clinical and laboratory findings useful for predicting the medical outcome of AlP-poisoned patients and to identify the utility of specific and sensitive scoring systems for outcome prognostication in these patients.
Materials and Methods
This was a prospective study of all acute AlP-poisoned patients from 2010 to 2015 admitted to the ICU of Imam Khomeini Hospital Ardabil (Iran), which is among the referral poison centres in the north of Iran. The study was approved by the Ardabil University of Medical Sciences Moral Committee, and relevant descriptions were provided with respect to the aims of the research. Informed consent was obtained, and data were collected through a standardized checklist.
Inclusion in the study of AlP-poisoned patients was based on a history of taking an AlP tablet, clinical findings and a confirmed positive silver nitrate test (SNT), which was performed in the ED at the time of admission [15] . As it is a relatively low-sensitivity test and may yield false-negative results for certain patients, the patients were also assigned as AlP-poisoned if they had a history of previous AlP ingestion (according to the remarks of the patient or their closest relative) and presented with relevant clinical manifestations (SBP <80 mm Hg/; serum HCO 3 < 15 meq/L; pH < 7.2) despite a negative SNT. Exclusion criteria were being <15 years of age, dissolving the tablet(s) in water before ingestion, ingestion of air-exposed AlP tablets, diagnosis of an underlying chronic disease (e.g. diabetes mellitus and renal failure), co-ingestion of other drugs or having concomitant acute pathology with AlP intoxication (such as burns and trauma). Rapid toxicological screening for benzodiazepines, tricyclic antidepressants, marijuana (THC), acetaminophen, tramadol, morphine, cocaine, buprenorphine, methamphetamine and methadone was conducted on urine samples of all patients.
Acute AlP poisoning was managed by supportive approaches because no specific antidote exists for this type of poisoning. The patients were treated and managed according to a single protocol that included calcium gluconate 10% (1 g for the initial dose, then 1 g every 6 hr, intravenously), magnesium sulphate (1 g initially, and then 1 g every 6 hr, intravenously), hydrocortisone (initially 200 mg and then 200 mg every 6 hr, intravenously), vitamin E (400 units, intramuscular injection), vitamin C (1000 mg every 12 hr, intravenous injection) and sodium bicarbonate (NaHCO 3 , intravenously) administration for treatment of acidosis. Other standard therapies included the administration of inotropic medications, intravenous fluids and electrolyte resuscitation, intubation and mechanical ventilation and, if indicated, anti-arrhythmic agents [15] [16] [17] [18] [19] [20] [21] .
Patient history included demographic data, time between AlP consumption and hospital admission, biochemical laboratory value results, ICU length of stay, hospital length of stay, APACHE II, SAPS II and SOFA scores, and a clinical outcome assessment. Patients were compared and categorized into two groups considering the outcome: survived and non-survived.
The Simplified Acute Physiology Score II (SAPS II) calculator yields an integer point score from 0 to 163. This system consists of the following 15 items: age, type of admission, body temperature, heart rate, systolic blood pressure (SBP), Glasgow coma score (GCS), partial pressure of oxygen (PaO 2 ), urine output (UOP), serum urea or blood urea nitrogen (BUN), sodium(Na), potassium (K), bicarbonate (HCO 3 ), bilirubin, white blood cell count (WBC) and chronic disease history.
The Acute Physiology and Chronic Health Evaluation II (APACHE II) model has incorporated two different versions of the APACHE II score calculator to facilitate its use by clinicians. A first tab allows the direct input of the clinical data by the user; a second tab provides the answer choices, and the intervals and points that each choice carries individually. APACHE II scores range from 0 to 71. The criteria parameters used are as follows: history of immunocompromised health, age, body temperature, heart rate, arterial pH, mean arterial pressure, Na, K, serum creatinine (Cr), haematocrit (HCT), WBC, PaO 2 and GCS.
Sequential Organ Failure Assessment (SOFA) defines the type of evaluation occurring at the time of checking the following variables (chosen by the European Society of Intensive Care Medicine): PaO 2 / FiO 2 , platelet count, GCS, bilirubin, mean arterial pressure and Cr.
SOFA, APACHE II and SAPS II scores were calculated using the worst physiological values for each patient during the first day in the intensive care unit (ICU) [11, [22] [23] [24] [25] .
Data analysis was performed using SPSS Statistics Software (version 19) and R 3.3.1 with the Package 'pROC' statistical software. Data were reported as mean (AESD). The Shapiro-Wilk t-test was used to test normal distribution of numerical variables. Student's t-test or Mann-Whitney test was used for two-group comparisons of continuous variables. Variables that were significant (<0.1 in the univariate analysis t-test or Mann-Whitney test) were evaluated using multiple logistic regression models. Multiple logistic regressions were then applied on variable clusters for the different parameters of APACHE II, SAPS II and SOFA. Significant variables from each cluster were included in the final model. Odds ratios (ORs) with confidence intervals (CIs) were calculated. The goodness-of-fit of the multiple regression models was evaluated using the Hosmer and Lemeshow test, and the results were used to generate a nomogram. STATA/SE 13.0 and the Nomolog program were used to generate a Kattan-style nomogram, a nomogram used for binary logistic regression predictive models. To investigate relationships between variables, the Pearson Correlation or Spearman Correlation was used. Because the APACHE II, SAPS II and SOFA systems had collinearity with each other in analysing mortality, they were not included in the multiple logistic regression models. Also, there was a collinearity between the HCO 3 and pH variables so that the HCO 3 was included in the final model. Discrimination was tested using the receiver operating characteristic (ROC) area under the curve (AUC). The AUC values were scaled as follows: between 0.9 and 1 as 'excellent', 0.8 and 0.9 as 'good', 0.7 and 0.8 as 'fair', 0.6 and 0.7 as 'poor' and between 0.5 and 0.6 as 'failing' discrimination. The ROC curve was applied to evaluate the best cut-off point with its specificity, sensitivity, negative predictive value (NPV), positive predictive value (PPV) and AUC. The best cutoff point was the one with the maximum value of specificity and sensitivity in the ROC curve.
Results
A total of 124 cases with suspected AlP ingestion were referred; however, 56 were excluded because of having dissolved the tablet(s) in water before ingestion, ingesting airexposed AlP tablets or had a confirmed negative SNT result. These cases may have involved the ingestion of non-toxic tablets, or they may have been mild cases of acute AlP poisoning whose diagnoses could not be confirmed. The flow chart of patient enrolment throughout the study is illustrated in fig. 1 .
Sixty-eight AlP-poisoned patients met the inclusion criteria and were studied, and of these, 36 (52.9%) died (not survived) while the remaining 32 (47.1%) survived. The mean age was 25.0 AE 7.3 years (range, 16-49 years). The mean number of tablets ingested was 1.6 AE 1.1(range, 0.25-4) with 40% of patients having been poisoned with only one tablet. The median time for hospital admission after ingestion was 3.0 hr (range, 1.0-5.0) (table 1). Greater than half of the patients (59.1%) exhibited an abnormal electrocardiographic (ECG) record.
Significant differences were observed between survived and non-survived groups according to the SAPS II score, APACHE II score and SOFA score (p < 0.001) (table 1) .
Using the multiple logistic regression analysis model, it was determined that four factors were significant for predicting mortality (p < 0.05) including GCS, SBP, UOP and HCO 3 . Moreover, the death rate rose 0.91 times per unit of SBP increase (table 2) . Based on the results of this study, the sensitivity, specificity and area under the curve for this multiple logistic regression model were 89.7%, 87.9% and 95.2%, respectively.
Nomogram development.
A nomogram was developed using the four independent variables (GCS, SBP, UOP and HCO 3 ) that predicted in-hospital mortality. The nomogram was characterized by one scale corresponding to each variable; a total score scale, individual variable score scale and a probability scale ( fig. 2 ). The use of the nomogram involves three steps: 1) on the scale of each variable, the value corresponding to a specific patient is read, and then, the score scale is used to determine the scores of all variable values; 2) the total score is calculated by aggregating all the scores derived in the previous step, and its value is identified on the total score scale; 3) the probability of an event corresponding to the total score in question is read on the probability scale ( fig. 3) .
Based on the ROC curve analyses, a HCO 3 <12.9 mEq/L, UOP <1725 mL/day, SBP <92.5 mmHg and GCS <14.5 are able to predict mortality (fig. 4) . The APACHE II score best cut-off point between survived and non-survived patients was determined to be 8.5 with a sensitivity of 90.6% and specificity of 91.7%. Additionally, the SAPS II score and SOFA score best cut-off points between survived and non-survived patients were found to be 24.5 and 7.5, considering a sensitivity and specificity of 56.2% and 100.0%, 93.8% and 77.8%, respectively. Based on the AUC measures (93.3%), APACHE II demonstrated a better discriminatory power compared with SAPS II and SOFA ( fig. 5 ).
Discussion
AlP is a fumigant with a high rate of mortality in cases of acute poisoning, estimated to be from 30 to 100% [3] . For a subject weighing 70 kg, the lethal dose is 150-500 mg [26, 27] . The most prevalent clinical symptoms are due to cardiovascular toxicity that may result in cardiogenic shock and severe acidosis [28] .
In the current study, the mean APACHE II, SAPS II and SOFA scores were 8.41 AE 4.61, 30.50 AE 9.42 and 7.34 AE 1.5, respectively. Ahuja et al. [14] found in their study of acute poisonings that among the cases of AlP poisoning, the mean APACHE II and SOFA scores at admission time were 10.6 AE 6.5 and 4.6 AE 4.0, respectively, which were in line with those of our study. Masson et al. [29] assessed SAPS II and SOFA scores in patients suffering from severe poisoning which resulted in persistent shock or cardiac arrest and reported higher scores than those in the current study for SAPS II (66 AE 18) and SOFA (median: 11 [interquartile range (IQR), [9] [10] [11] [12] [13] ). Very few studies have been conducted on the use of SOFA in AlP poisoning. The results of our study showed that the APACHE II score compared with SOFA and SAPS II can better discriminate between survivors and nonsurvivors. To the best of our knowledge, few studies have compared APACHE II, SOFA and SAPS II scores with respect to AlP poisoning. Results of our previous study using SAPS II also showed reasonable predictive outcome in patients suffering from acute AlP poisoning [9, 11] . APACHE II, SOFA and SAPS II are three useful scoring systems previously used in predicting the necessity for intubation and ventilation in other types of poisonings, such as organophosphate and parquet poisoning [13, 30] . Banderas-Bravo et al. [31] concluded APACHEII and APACHEIII provide proper predictions about mortality, while SAPS III overestimated mortality in poisoned patients admitted to the ICU. Additionally, the results obtained by Alizadeh et al. [13] and Ratanarat et al. [32] showed APACHE II had a greater power than SAPS II in determining the final outcome [13, 32] . However, results of the current study revealed that a SAPS II score >24.5, APACHE II score >8.5 and a SOFA score >7.5 were able to predict acute AlP-poisoning mortality with acceptable sensitivity and specificity. Cut-off values are different between AlP-poisoned cases and those obtained involving other types of intoxication. For instance, APACHE II scores higher than 11 [8] and 16.5 [9] and SAPS II scores higher than 28 [8] and 29.5 [9] were determined to provide more accurate predictions for the mortality in organophosphate-poisoned patients.
According to our results, systolic blood pressure of <92.5 mmHg, HCO 3 <12.9 mEq/L, UOP <1725 mL/day and GCS <14.5 predicted acute AlP poisoning mortality with good sensitivity and specificity. Very few studies have shown the best cut-off point in laboratory tests to predict acute AlP-poisoning mortality [14] . Rehab et al. [33] concluded that the best cut-off points for pH and HCO 3 that can predict mortality of poisoned patients were pH <7.27 and HCO 3 <13.3 [33] . 
Urine output(UOP)
Specificity ( According to the results determined using multiple logistic regressions, serum HCO 3 , SBP and UOP were predictive prognostic factors of mortality in AlP poisoning.
Louriz et al. [34] found that in AlP poisoning, the prognostic factors included in determining the APACHE II score were a lower GCS, acute kidney injury, shock, abnormalities in the electrocardiogram, low prothrombin time, hyper-leucocytosis, use of vasopressors drugs and the use of mechanical ventilation. Their study, which used a multivariate analysis, indicated a correlation between mortality in acute AlP poisoning and shock and altered consciousness [34] .
In another study by Shadnia et al. [11] , variables such as SBP, GCS, HCT, WBC, blood sugar level, BUN, SAPS II score, blood pH, ECG and the number of AlP tablets ingested were also effective for predicting patient outcome [11] .
Sulaj [35] reported that the dose of AlP ingested, the interval between ingestion and the beginning of treatment, and the depth of coma were the predictors of mortality in patients poisoned with AlP tablets [35] . Erfantalab [36] demonstrated that certain factors such as blood pressure, heart rate, blood pH and serum bicarbonate levels were significantly different between people who died due to acute AlP poisoning and those who survived after AlP tablet ingestion [36] .
Soltaninejad et al. [37] reported that systolic blood pressure and ECG changes were the predictors of mortality among patients with acute AlP poisoning [37] . Shadnia et al. [38] also found a statistically significant difference in blood pH and HCO 3 between people who died due to acute AlP poisoning and those who survived [38] .
Association of these factors with mortality in patients with acute AlP poisoning can be attributed to the pathological effects of phosphine on different organs that lead to the production of free radicals and damage to various body tissues through inhibiting cytochrome oxidase. This damage is more severe in highly perfused organs that require high amounts of oxygen such as the brain, heart and kidneys [34] . Factors derived to be the predictors of death in the current study can be associated with phosphine effects on such vital organs.
Neurotoxicity due to acute AlP poisoning is exhibited by clinical changes such as headache, restlessness, stupor, convulsion and finally CNS depression and coma [34] .
Patients with low GCS are susceptible to different complications such as aspiration pneumonia because of lack of airway refluxes [39] . As the GCS is a scoring system known to assess brain function and predict the results of nervous system integrity [40] , physicians should take into consideration the levels of poisoned patients' consciousness, in addition to careful documentation of their medical history. In our study, GCS was determined to be a useful prognostic factor.
AlP-induced toxic myocarditis causes severe haemodynamic changes that eventually lead to hypotension which is resistant to fluid therapy and inotropes, and is considered the main cause of death in patients with AlP poisoning [28, 41] . The frequency of shock and hypotension in patients with acute AlP poisoning has been reported to vary from 76 to 100% [34] . Shock and hypotension accompanied by certain factors such as disseminated intravascular coagulation and acute tubular necrosis can ultimately result in renal failure in such patients [41] . Because phosphine gas is released through respiration and urination, inadequate renal perfusion and inappropriate urinary output can affect outcome in cases of acute AlP poisoning [42] .
We have developed a specific nomogram using four independent variables to predict the risk of mortality among acute AlP-poisoned patients. To the best of our knowledge, few studies have yet been conducted to suggest a risk-prediction nomogram to investigate in-hospital mortality in patients with acute AlP poisoning. Lionte et al. [43] were the first to develop a seven-variable risk-prediction nomogram for patients with acute poisoning due to non-pharmaceutical agents and drugs at admission to the emergency department (ED).
Currently, there are nomograms available that are used to identify the benefits of antidote therapy in cases of acetaminophen poisoning and toxicity, and arrhythmia risk assessment and to guide the appropriate duration of haemodialysis in cases of acute methanol poisoning [44] [45] [46] [47] using a formula or algorithm involving several predictors modelled as continuous variables to predict an end-point, according to traditional statistical methods, such as multiple logistic regression and Cox proportional hazards analysis. Nomograms also offer optimal individualized disease-related risk estimations that simplify patient management-related decision-making [44] . Our developed risk-prediction nomogram may have a benefit over traditional tools, such as poisoning severity score (PSS), GCS or other clinical scores, because the association between predictors (GCS, HCO 3 , SBP and UOP) and the predicted variable (death) can be readily determined.
According to our results, SBP, GCS, UOP and serum HCO 3 levels are the best prognostic factors of mortality in AlP-poisoned patients admitted to the ICU. We developed a four-variable risk-prediction nomogram that provides quick and simple analysis to identify high-risk patients and predict the risk of mortality. Physicians could apply this user-friendly instrument to detect cases of acute poisoning at risk of death during a patient's stay in the ICU, to enhance patient management to prevent mortality, and to detect those patients who appear well at first but may then progress towards a fatal outcome. For the patients at high risk, certain invasive procedures, including extracorporeal membrane oxygenation (ECMO) and intra-aortic balloon pump (IABP), could be considered. The earlier investigations had only provided the variables influencing the mortality rate in patients with AlP poisoning; however, according to the findings of the present study, the mortality risk may be estimated and calculated numerically. This developed tool is a basic chart which, through the use of four independent variables, is able to provide a numerical estimation of the rate of death in patients with AlP poisoning. In addition, the developed nomogram is easy to use as all its required factors are readily and routinely gathered in the medical care setting, requiring only five minutes for measuring and determining the risk of death in AlP-poisoned patients.
In summary, the APACHE II score >8.5, SAPS II score >24.5 and SOFA score >7.5 and SBP of <92.5 mmHg, HCO 3 ,-.<12.9 mEq/L, UOP <1725 mL/day and GCS <14.5 were shown to predict the AlP-poisoned patient mortality rate with good specificity and sensitivity. The APACHE II score was determined to be the best discriminator between non-survivors and those who survive. The results of the current study of patients suffering AlP poisoning demonstrate the potential value of prognostic scoring systems for prediction of patient outcome in AlP-poisoned patients.
Limitations.
In the current study, data collection was conducted in a single tertiary care centre. Therefore, attempts to generalize the finding to other settings should be made with caution. Despite that most of the published articles regarding acute AlP poisoning had a similar sample size, the relatively small sample size of our study restricted confirmatory testing and validation. For enhancing the predictive accuracy, larger data sets, more sophisticated modelling, novel biomarkers and more advanced data collection methods are recommended in the conduction of future studies. In addition, to investigate the model's generalizability, external validation with an independent cohort study is suggested. In considering this, we are conducting another study aimed at validating the said nomogram in a distinct prospective trial, with a greater sample size population of AlP-poisoned patients.
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